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C cells in 26 normal human thyroids from forensic au-
topsies were identified by immunoperoxidase staining
for calcitonin. C-cell concentrations and total C-cell
numbers were determined with the use of morphomet-
ric techniques. There was great variation in C-cell den-
sity within a given gland and among individuals, al-
though C cells tended to concentrate about one third of
the way down the vertical axis ofthe lateral lobes. Den-
sities of 1-2000 cells/cu mm were found in the third and
ACCORDING to classical embryology, the parafol-
licular (C) cells arise from the neural crest, migrate
into the developing thyroid gland, and produce the
hypocalcemic polypeptide hormone calcitonin.' An
extensive literature details C-cell neoplasia, especially
because C cells participate in multiple endocrine neo-
plasia syndromes (MEN 2A and 2B).2'3 Yet 20 years
after its discovery, our understanding of the physio-
logic role of calcitonin remains incomplete.4 Simi-
larly, normal C-cell structure and morphometry in
relation to other physiologic functions have drawn
comparatively little attention. Indeed, defining nor-
mality for thyroid C-cell populations intrinsically
challenges the investigator. The embryonic precursor
cells migrate irregularly into the developing gland
and settle anisotropically within its lateral lobes. Ex-
amination of step sections through entire glands
therefore becomes essential.5 Furthermore, only spe-
cific immunohistochemical staining for calcitonin can
identify individual C-cells with certainty.6
Perhaps for these reasons, few authors address
normal human C-cell morphometry in detail.7 Most
agree that C cells usually concentrate about the mid
and upper portion of the lateral lobes of the thyroid
gland and occur rarely in the isthmus. C-cell concen-
trations are reportedly much higher in the normal
neonatal than in the adult gland. 8 The C cell is said to
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later decades. In addition there was a statistically sig-
nificant (P < 0.01) positive Spearman correlation be-
tween total C-cell numbers and age in males. C-cell
hyperplasia appears to be an age-related phenomenon
that may have physiologic significance and must be
taken into consideration in evaluation of thyroid glands
for the diagnosis of premalignant lesions of C cells.
(Am J Pathol 1982, 106:388-393)
constitute less than 0.1% of the total cell mass in the
normal adult gland.7 Normal morphology has as-
sumed fresh importance with the introduction of pro-
phylactic thyroidectomy for young MEN kindred
members in whom C-cell neoplasia (medullary thy-
roid carcinoma [MTC]) has yet to evolve.9 The pres-
ent paper reports C-cell number and distribution in
26 glands from forensic autopsy cases.
Materials and Methods
Larynxes fixed in 10/o buffered formalin were ob-
tained from forensic autopsies. Ages ranged from 2
to 55 years. Most of the individuals had met sudden
deaths (Table 1). We required that general autopsy
disclose no evidence of endocrine disease or other
known relevant abnormality. Dissection of the larynx
yielded parathyroid glands in all cases. Representa-
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tive sections of thymic tissue were taken from most
pediatric cases. The thyroid gland was then dissected
free, and its isthmus was removed and sectioned cor-
onally or parasagitally. The lateral lobes were sec-
tioned transversely at 2-3-mm intervals perpendicu-
lar to the vertical axis. In two instances, traumatic
tissue injury permitted examination of only one lat-
eral lobe. We embedded two sections together, one
from each lobe at each level. In 4 cases the lateral
lobes were halved transversely and sectioned parasag-
itally at 3-mm intervals. All tissues were embedded in
paraffin, sectioned at 6,u, and mounted on gelatin-
coated glass slides.
Immunohistochemistry
We compared the peroxidase-conjugated antibody
and the peroxidase-antiperoxidase procedures for
demonstration of calcitonin. The conjugated anti-
body procedure was modified from Nakane and Ka-
woai'0 and Baylin et all' as previously described by
us.12 Adjacent sections from each block were rehy-
drated, -immersed in 0.3% H202 in methanol for 25
minutes, and rinsed twice. After incubation in 10%
normal rabbit serum and repeat rinsing, one slide of
each pair was incubated overnight at room tempera-
ture with goat anti-synthetic human calcitonin at a
dilution of 1:200, the other with preimmune serum
from the same animal and at the same dilution. After
two further rinses, all slides were incubated for 15
minutes at room temperature with peroxidase-conju-
gated rabbit anti-goat IgG (Cappel Laboratories,
Cochranville, Pa) at a dilution of 1:50. Immersion
for approximately 15 minutes in 0.006% H202 in
phosphate-buffered saline (PBS) containing 0.375
mg/ml of diaminobenzidine (DAB, Sigma Chemical
Co., St. Louis, Mo) followed two further rinses. Two
serial sections of calcitonin-laden medullary thyroid
carcinoma were included as positive and negative
controls in each run. The slides were rinsed exten-
sively in distilled water, counter-stained with hema-
toxylin or light green, cleared, and coverslipped with
Permount.
Periodically we stained adjacent pairs of slides by
our modification of the peroxidase-antiperoxidase
method as previously reported.'3 These two tech-
niques yielded equivalent results, and we used them
interchangeably.
Morphometry
We counted stained cells directly by moving each
section orthogonally beneath a microscope reticle at
medium power (200 diameters). Only cell nuclei
clearly within staining cytoplasm were counted. We
excluded stained intrafollicular cells morphologically
resembling macrophages or epithelial cells. Such
counts proved reproducible to ±t5% for a given ob-
server. To estimate areas of tissue sections, we opti-
cally projected each slide on a paper screen and drew
the tissue outline in it. Simultaneously, a carefully
measured coverslip was projected and similarly out-
lined. We then traced each outline with a scalpel
blade, cutting out paper templates of each tissue sec-
tion and of the coverslip. We weighted each template
and calculated tissue areas from the area-to-weight
ratio of our coverslip and its template. Tissue vol-
umes were calculated by the use of a section thickness
of 6 M. For each section we divided the total number
of C cells counted by this calculated volume to yield a
density in C cells per cubic millimeter. A mean den-
sity was calculated for each gland. Finally, we esti-
mated a total C-cell number for an entire thyroid (as-
suming for each a specific gravity of 1.0) by multiply-
ing its weight in milligrams by its mean C-cell density
in cells per millimeter. Table 1 details thyroid weight,
estimated C-cell number, and maximum C-cell den-
sity obtained for each case.
We considered a standard correction Nv =
nv V[A(2r T - 2k)]-', where Nv is the calculated
number of nuclei per unit volume, nv the number
counted per volume examined, V the volume of tissue
examined (A T), A the area of the tissue section, T its
thickness, r the mean nuclear radius, and k the radius
of the smallest portion of the nucleus recognizable in
the section.'4 For 3 cases of varying ages, we found
values for r of roughly 2.5A,u the modal nuclear ra-
dius. We took T as 6M and k as 1.5M. The correction
therefore reduces to Nv = 0.75nv. Given potential
sampling errors and the wide variations in total C-cell




We generally found peak concentrations of C cells
near the junction of the middle and upper thirds of
the lateral lobes, with lesser concentrations above
and below. The rates at which C-cell density declined
with vertical distance varied widely. At one extreme
(Case 7), C cells were identified in 5 of 16 sections ex-
amined; at the other (Case 17), cells appeared in 14 of
17 sections. The C cells generally scattered widely
across the deep parenchyma. We never demonstrated
staining cells within thymus, parathyroid, or muscle
tissue.
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Figure 1 -Case 1, 2-year-old female.
Dark staining C cells are scattered in
perifollicular areas as individual cells
or small clusters. (Immunoperoxidase
calcitonin, x250)
Peak section densities varied with gland size, total
number of cells present, and degree of dispersal
through the gland. Pediatric cases predictably pro-
duced the highest values, reaching 2760 cells/cu mm
in Case 4. Among adults, 3 cases (21, 23, and 26)
showed densities greater than 1000 cells/cu mm.
Such densities corresponded usually to a maximum
well over 100 cells per lOx field.4 Two additional
adults (20 and 22) showed a maximum between 500
and 1000 cells/cu mm.
Table 1 -C-Cells in Thyroids of Forensic Autopsy Cases
Thyroid Total
Age (weight number of Peak
Case no. (years) Sex in grams) Cause of death C cells loglo (C cells/cu mm)
1 2 F 1.8 CO poisoning 6.30 1920
2 3 F 1.1 Trauma None 0
3 4 M 4.0 CO poisoning 3.78 7
4 4 F 3.2 CO poisoning 6.30 2760
5 5 F 4.0 Seizure 4.60 100
6 5 F 2.8 CO poisoning 4.95 80
7 5 F 3.3 CO poisoning 5.30 130
8 6 M 6.4 CO poisoning 5.00 120
9 6 F 4.6 Trauma 5.48 270
10 9 M 5.2 Trauma 6.00 700
11 13 F 8.0 Sepsis 5.00 110
12 14 M 8.2 Sepsis 5.30 100
13 14 F 7.9 Trauma None 0
14 16 M 13 Trauma 6.30 470
15 17 F 14 Trauma 5.48 80
16 24 M 13 Acute ethanolism 5.70 110
17 24 M 18 Trauma 6.30 290
18 27 M 13 Trauma 6.00 380
19 27 F 17 Trauma 4.30 100
20 28 M 11 Trauma 6.30 780
21 28 M 19 Trauma 6.70 1010
22 30 M 16 Trauma 6.30 690
23 31 M 16 Trauma 6.84 1450
24 40 M 15 Trauma 6.00* 180
25 52 M 16 Ml 6.00 360
26 55 M 15 Trauma 6.60* 1110
One lobe only examined: total values computed as twice the estimate for one lobe.
Ml = myocardial infarction.
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Figure 2-Case 20, 28-year-old male.
A- Most of the cells are present as iso-
lated cells or small clusters in the peri-
follicular areas. (Immunoperoxidase
calcitonin, x 40) B-In some areas
the C cells may form a ring about the
follicle without seeming to disturb the
follicular epithelium. (Immunoperox-
idase calcitonin, x 100)
Morphology
C cells in thyroids of children were often large and
polygonal, with occasional large nuclei, and formed
sizable clusters (up to 10 cells). Often they appeared
to ring a follicle without disturbing the follicular epi-
thelium (Figure 1) and sometimes appeared within
follicles. Most adult thyroids, exemplified by Case
17, showed widely scattered staining cells, often oc-
curring singly or in pairs. At peak density such glands
showed a few small clusters of up to 5 cells, generally
grouped beneath follicular epithelium. This histo-
logic appearance corresponded to wide dispersal of
relatively few cells in sizable glands (Table 1).
With increasing peak densities and total cell num-
bers, large aggregates became more common. In
Case 20, with over 2 million total cells, the majority
disposed themselves as small interstitial or intrafollic-
ular clusters (Figure 2A), but other areas showed
complete ringing of the follicle with larger aggregates
of up to 20 cells (Figure 2B). Other cases with similar
densities showed the same clustering tendency. Case
23 (6 million total C cells) provided an extreme exam-
Vol. 106 * No. 3
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Figure 3-This figure shows the C-cell number e
male thyroid ploted as a function of age (from 4 to 5'
trend toward increasing cell numbers with age is ev
was confirmed by correlation analysis.
ple of C-cell concentration with a single
over 330 cells as previously illustrated
cluster, however, retained a relatively ol
and showed little or no apparent distor
cles. No disruption or degeneration of f
thelium or inflammatory host response u
No other group in this case exceeded 5(
Total C-Cell Numbers
As shown in Table 1, the total C.
varied widely. In two females no stair
were detected. The geometric mean for a
in this study was 200,000 C cells, and tl
was 7 million cells.
Males ranged in age from 4 to 55 )
mean age of 25.9 years. C-cell counts
6000 to 7 million cells, with a geomel
870,000. Figure 3 suggests an age-depen
in C-cell number in 4-55-year-old mal
confirmed by the nonparametric Speari
tion. The correlation coefficient was 0.6
a moderately strong correlation, which
cally significant (P < 0.01).
Females ranged in age from 2 to 27 1
mean age of 9.2 years. C-cell counts
zero to 2 million, with a geometric mea
No obvious age relationship was evident,
significant statistical correlation present
Discussion
In their early studies, Wolfe et al ex
sections by immunoperoxidase from
taken at autopsy from adults of unspecified age, sex,
race, and manner of death.5.7 By extracting calcitonin
* from alternate thyroid slices for radioimmunoassay,
they established a close correlation between cell stain-
ing and tissue peptide content. Finding no more than
10 cells in any IOx field, they concluded that multi-
ple large clusters in the adult must represent a patho-
logic condition. The same authors also studied six
neonatal thyroids and found up to 75 cells per 10x
field.8 LiVolsi et al examined an unspecified number
of sections from five adult thyroids removed at laryn-
gectomy. In this material, they, too, found no C-cell
clusters. 15 We, however, noted large C-cell nodules in
a survey of cases from our general autopsy popula-
tion12 and have investigated this finding further.
50 60 Our more extensive study greatly expands the re-
ported range of thyroid parafollicular cell densities in
Lstimated in the normal adults. Wide individual variations in C-cell
5 years of age). A number and distribution may combine to produce
fident. This trend multiple large aggregates in the adult gland. Thus the
diagnosis C-cell hyperplasia (especially interpreted as
aggregate of in situ medullary carcinoma) must be approached
*12 Even this cautiously. We believe morphologic characteristics
pen structure may distinguish the clusters we observed in normal
*tion of folli- individuals from those DeLellis et a16 and Wolfe et a13
ollicular epi- described in MEN kindred members. When review-
vas apparent. ing hematoxylin and eosin (H&E)-stained slides adja-
cells. cent to those in which imunoperoxidase had revealed
many C cells, we often found them still inconspicu-
ous. Aggregates in our series tended to sprawl loosely
about or in follicles and rarely assumed solid, com-
-cell number pact, or discrete configurations. When C cells sur-
iable C cells rounded a follicle, the follicular epithelium rarely
11 individuals showed degenerative changes. We never encountered
he maximum a follicle unequivocally replaced by a C-cell mass, the
"nodular C-cell hyperplasia" of DeLellis.6 In general,
years, with a the morphologic features of nodules in our adult
ranged from cases resembled those observed in pediatric cases.
tric mean of Careful attention to morphologic detail must accom-
dent increase pany immunohistochemical demonstration of
es. This was "many" C cells in justifying a premalignant diagno-
man correla- sis. Our experience underscores the need for system-
i3, indicating atic examination of thyroids, a point first raised by
was statisti- Wolfe et al.5 Indeed, C-cell anisotropy justified ap-
plying the rigorous dissection scheme used here to
years, with a clinical material whenever C-cell neoplasia is sus-
ranged from pected.
in of 20,000. Our estimates of total C-cell number conform
nor was any roughly to those of Tashjian et a17 that C cells consti-
tute less than 0.1 7o of the epithelial cell mass of the
normal human gland. An adult thyroid contains
roughly 2.5 x 107 follicles, averaging 200 I. in diame-
ter and lined by cuboidal cells 15 I. tall. 16.17 The mean
camined step follicular surface area then becomes approximately
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follicle, for a rough estimate of 1010 follicular cells
per gland. We estimate that C cells represent 0.001-
0.1% of the thyroid cells in adults.
DeLellis et a16 observe that even in mild C-cell hy-
perplasia a low-power field may contain 100 C cells
but offer no estimate of the total number present in
an entire affected gland. Whereas qualitative charac-
teristics, as discussed above, may be able to differen-
tiate among hyperplasia and neoplasia, examination
of cell counts in random isolated fields may not dif-
ferentiate between premalignant lesions and hyper-
plasia.
We have shown a correlation between increasing
age and C-cell numbers in males. The mechanism of
this age-related phenomenon is unknown. It may be
due to a normal maturation process during adoles-
cence. In a sense, it would represent a secondary sex
characteristic. Age-related changes in serum calcito-
nin levels and diminished compliance to secretagogue
stimulation have been demonstrated.18 These func-
tional changes may be related to the hyperplasia we
describe. As a general rule, endocrine hyperplasia
and neoplasia result from prolonged tropic stimula-
tion. 19 If the C cells become less compliant with age,
then greater or prolonged tropic stimulation might
occur that would result in hyperplasia. However, ad-
ditional studies will be required to determine the va-
lidity of any of these concepts for C cells.
Because of the relatively smaller number of fe-
males, limited age distribution, and large range in
C-cell number, our intuition did not suggest an age
relation in this population, and statistical analysis did
not demonstrate a significant correlation over the
limited age range in our group of females. Because of
the difference in ages between the male and female
populations and the age-dependent effect noted
above, an analysis of possible sex differences is not
warranted on the basis of this study.20 Given the ap-
propriate thyroid specimens for examination, differ-
ences due to sex and age-related C-cell hyperplasia in
females might also be evaluated.
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